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ABSTRACT

The status of the various forms of potassium in soils supporting rubber (Havea brasiliensis)
plantations in three locations in Akwa Ibom state was investigated. Soils samples were
collected from three rubber plantations (Obio-Akpa, Ntak-inyang and IkotObioEkpung) at the
depth of 0 - 15, 15-30, 30-45 and 45-60cm. The results indicated that the soils were loamy
sand in texture, acidic with mean pH value of 4.38, low nitrogen (0.16%), exchangeable K
(0.09 cmolkg-1), exchangeable Na (0.11 cmolkg™) with high content of organic matter
(4.80%), calcium (5.68 cmolkg™) and magnesium (5.14 cmolkg™). The results also revealed
that water soluble K ranged from 0.02 to 0.06 cmolkg™, available K from 0.05 to 0.15 cmolkg
1 exchangeable K from 0.03 to 0.10 cmol/kg-1, difficultly K from 0.01 to 0.15 cmol/kg™, acid-
soluble K from 0.03 to 0.08 cmolkg™ and total K from 0.15 to 0.25cmolkg?. The different
forms of K correlated positively and significantly among each other and with some soil
properties, thus an increase in one form lead to a corresponding increase in the other. In all
the soils, the content of all forms of K was generally low. The low levels of total K indicate that
soils supporting rubber in Obio-Akpa, Ntak-Inyang and IkotObioEkpung in Akwa Ibom State
are deficient in K contents and may not meet the needs of K demanding crops like rubber.
Therefore, adequate K fertilization is suggested as a possible means of improving the soils for
rubber cultivation in the area.
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INTRODUCTION

Potassium (K) is one of the essential nutrients needed by
rubber (Havea brasiliensis) for its growth and
development. Sufficient levels of K in the soil acts on the
activation of enzyme system related to photosynthesis
and respiration (Ashraf et al., 2001; Cakmak et al., 2005;
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Ahmad et al., 2012). K enhances the synthesis of protein
(Ashraf et al., 2001) and adenosine triphosphate (ATP)
Pettigrew (2008) and regulates water loss from opening
and closing of stomata (Aquero, 2006; Ahmad et al.,
(2012). In addition, K increase the leaf area and dry
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matter accumulation in rubber (Ahmad et al.,(2012).
However, K deficiency leads to a decrease in plant
growth (Pettigrew, 2008), size of internodes, apical
dominance, delay fruiting and smaller fruits with less
intense colours.

Chemically, Potassium exist in soil in three forms:
relatively unavailable, slowly available and readily
available (Tsidale and Nelson, 1975). Readily available K
is a combination of water soluble and exchangeable K
and is present either in the soil solution or is held by the
exchange fraction of the soil. Slowly available K is K that
is gradually taken up by plants. The unavailable form of K
occurs as a part of the crystal structure of weathered or
only slightly weathered primary and secondary
micaceous and feldspathic minerals (Tsidale and Nelson,
1975). According to Yagodin (1984) Total K include
various forms of K compounds namely: water soluble K,
exchangeable K, mobile K (water soluble plus
exchangeable K, usually regarded as the available K)
removed from the soil with a salt extract, non-
exchangeable hydrolysable K (difficultly exchangeable K)
which serves as the nearest nutrient reserve, acid-
soluble K combining all of the four forms, and non-
exchangeable K (different between total and acid soluble
ones). Water soluble K constitutes about 0.5 — 2% of the
overall K reserved in the soil (Yagodin, 1984). About 98%
of K comprises of the structure of primary and secondary
minerals and is in the unavailable forms Spark (2000).
Several reports Periaswam yet al.,(1983); Enwezoret
al.,(1988); FPDD, (1990); Iren and Amalu, (2012)
indicated that total K is found more on surface soil than in
subsurface soil because of the increase in carbonate
content with depth. Fassbender, (1994) estimated that
the concentration of K ranged from 0.9 to 19 g/kg? in
tropical soils. The concentration may vary depending on
the degree of moisture content in the soil and
mineralogical composition of the source of K (Shaikh et
al., 2017).

Rubber (Hevea brasiliensis) is an important cash crop
which belongs to the family Euphorbiacease in the genus
Hevea. The latex from rubber tree is the raw materials
used for the production of rubber in the world especially
in the tire industry (Nogueria et al., 2015) and wood used
in furniture industry. The seeds contain oil used in making
paints and soap. Diniz et al., 2015 and Blagodatsk et al.,
(2016) indicated that this crop can store large amount of
carbon (C) in the soil and is also considered as a good
alternative for increasing carbon levels in the soil. The
state of Akwa Ibom is one of the top rubber-producing
states in Nigeria, along with seventeen others. Despite
widespread cultivation of rubber, the yields are often low
due to poor soil fertility. As a result, this study aims to
evaluate the different forms of potassium present in the
soils that support rubber plantations in Akwa Ibom State.
This research could potentially lead to improvements in
soil fertility and subsequently increase rubber yields in

the region.
MATERIALS AND METHODS

The study was conducted in Akwa lbom State, Nigeria.
Akwa lbom State lies between latitudes4°30%and 5°30N?
and longitudes 7°30' and 8°20'E. The climate of the
study area is humid tropical with mean annual rainfall of
2500 — 3000mm with 1-3 dry months in the year.Mean
annual temperature varies between 27°C — 28°C with
relative humidity of 75-80%. The soils are highly
weathered with low activity clays such as kaolinite and
the amorphous oxides of Fe and Al (Petterset al., 1989).
This study was carried out in three (3) rubber plantations
in Akwa lbom State, namely; Obio Akpa in OrukAnam
Local Government Area L.G.A), Ntak Inyang in Itu L.G.A
and lkot Obio Ekpung in MkpatEnin L.G.A., respectively,
(Figure 1). The soil samples for this study were obtained
from rubber plantations using a soil auger. We collected
samples at depths of 0-15, 15-30, 30-45, and 45-60cm,
resulting in a total of thirty-six (36) soil samples for
laboratory analysis. The soil samples were air dried,
ground, and pass through a 2mm sieve to remove debris
and were later subjected to the following analysis:
Particle size analysis was determined by the Bouyoucos
hydrometer methods using Calgon as a dispensing agent
(Gee and Or, 2002).Soil pH was determined in a 1:2.5
soil/ water suspension using a glass electrode pH meter
(Maclean, 1982).Organic carbon of the soils was
determined by Walkley and Black wet oxidation method
(Nelson and Sommers 1996). Organic matter was
computed by multiplying the organic carbon value by Van
Bemmelen factor of 1.723. Total nitrogen (N) was
determined by the modified micro — kjeldhal distillation
procedure as outlined by Bremner (1996). Available
phosphorus was extracted with Bray- 1 method (Kuo,
1996) and the P in the extract was determined
spectrometrically. Exchangeable K, Ca, Mg and Na were
extracted with 1 N ammonium acetate (Udo et al., 2009).
Potassium (K) and Na were read with flame photometer
while Ca and Mg were determined using Atomic
Absorption Spectrometer (AAS). Exchangeable acidity
was measured titrimetrically using 1N KCL against 0.05N
Sodium hydroxide (Maclean, 1982) while effective cation
exchange capacity was calculated from the summation of
all the exchangeable bases and total exchangeable
acidity. Base saturation (BS) was calculated by the
summation of the total exchangeable bases divided by
effective cation exchange capacity and the multiplied by
100.

Water-soluble K was determined by extraction with
deionized water in 1:10 soil- water suspension.
Exchangeable K was determined by extraction with 1N
ammonium acetate (NH4OAC) buffered at pH 7.0 in 1:10
soil- salt solution suspension (Pratt, 1965). Available K
was determined by summation of water- soluble K and
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Figure 1. Map of Akwa Ibom State showing Study Area

nitric acid (HNOs) exchangeable K. Difficultly
exchangeable K was determined by extraction with 1N
HNO:s in 1:10 soil- acid suspension after boiling for one
hour. (Pratt, 1965).The difference between 1N HNO3-
extractable K and that of exchangeable K was considered
as the difficultly exchangeable K. Acid-soluble K was
determined by extraction with 1N hydrochloric acid (HCI)
in 1:10 soil-acid suspension after boiling for 1hour. The
difference between 1N HCI- extractable K and that of
exchangeable K will be taken as the aid soluble K.Total K
was determined using the method of (Pratt, 1965). One-
gram (g) of soil was completely digested in Hydrofluoric
(HF) and perchloric acid (HCIO4) mixtures under a fume
hood. The filtrate was brought to volume in al00-ml
volumetric flask, and total K content was determined with
a flame photometer.

Statistical analysis

Data collected were subjected to analysis of variance
(ANOVA), mean separation was done using Fishers
Least Significant difference (F-LSD) at 5% level of
probability. Correlation between some soil properties and
forms of K were determined using SPSS statistics 17.0
and Stat Point, (2005).

RESULTS AND DISCUSSION

Physico-chemical properties of soils of the study
area

Particle size analysis (Table 1) indicated that the soils of
Obio Akpa, Ntak Inyang and lkot Obio Ekpung rubber
plantations were loamy sand in texture with very high
sand fractions. The sand fractions ranged from 67.26
g/kg to 83.80 g/kg with a mean of 79.19 g/kg, silt ranged
from 5.90 g/kg to 10.68 g/kg with a mean of 7.053 g/kg
and clay ranged from 8.24 g/kg to 22.06 g/kg with a mean
of 13.59 g/kg, respectively. The loamy sand texture of the
soils falls within the recommended texture of loam to silty
loam recommended by Asawalam and Ugwa (1993) for
rubber production. The soils were acidic in nature with pH
values ranging from 3.27 to 5.46 with a mean of 4.38
except at Ntak-Inyang at the depth of 0 — 15cm where the
pH increased to 6.13. The low pH values recorded at
Obio Akpa and lkot Obio Ekpung rubber plantations is in
agreement with the observation of (ljah et al, 2021) on
soils developed under coastal plain sand parent
materials. The high acidity could be attributed to high
amount of rainfall which might have contributed to
leaching (ljah et al., 2021) of exchangeable bases from
the top soils.. Electrical conductivity (EC) of soils across
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Table 1: Physico-chemical properties of the soil supporting rubber plantation in Akwa Ibom State.

Sample Dept Particle Size Analysis pH EC ocC oM TN AVP K Ca Mg Na EA ECE BS
Location h C
(Cm) Sand Silt Clay TC (H:0) dS/m % % % mag/k Cmolkg™ %
g
9/Kg
Ntak-inyang 0-15 83.8 6.14 10.0 LS 6.13 1.39 279 481 0.09 2201 008 912 3.60 0.01 1.7 14.6 87.7
0 6 6 4
15-30 81.6 6.02 12.3 LS 5.17 0.08 229" 395 0.12 16.01 0.08 5.36 4.08 0.01 1.4 11.0 93.4
8 0 4 4
30-45 773 6.02 16.6 LS 5.46 0.07 1.82 3.14 0.08 7.02 0.09 4.32 3.84 0.01 1.7 10.02 824
8 0 6 4
45-60 816 5.90 12.4 LS 489 040 1.09 188 0.22 4.67 0.09 2.88 7.20 0.01 0.9 11.14 913
2 8 6 8
IkotObioEkpun  0-15 77.3  6.56 16.1 LS 429 021 450 775 0.15 3468 005 7.68 4.32 0.04 1.9 14.01 86.2
g 2 2 2 9
15-30 794 6.32 14.2 LS 3.84 0.13 3.11 5.36 0.18 24.68 0.05 6.24 6.24 0.02 2.7 15.27 821
4 4 2 9
30-45 712 844 203 LS 5.11  0.06 251 432 015 18.02 0.05 6.24 6.48 0.01 22 15.02 85.0
6 0 4 9
45-60 67.2 10.6  22.0 LS 3.54  0.06 231 398 0.15 12.67 0.05 3.36 4.08 0.02 25 10.07 745
6 8 6 6 8
ObioAkpa 0-15 81.5 8.14 10.3 LS 3.65 0.09 4.49 7.74 0.19 10.67 0.15 2.88 7.68 0.02 1.7 1249 85.9
0 6 6 1
15-30 836 814 824 LS 3.27  0.06 349 6.01 019 8.00 0.14  3.36 6.00 0.02 33 1283 99.8
2 6 4
30-45 837 6.14 10.1 LS 3.81 0.02 299 515 017 4.08 0.15 4.80 5.52 0.02 28 1337 784
4 2 8 6
45-60 81.6 8.14 10.1 LS 3.37 0.15 1.99 3.42 0.17 3.34 0.14 1.92 2.64 0.02 1.7 6.35 74.3
8 8 6 3
Range 16,5 4.78 13.8 2.86 1.334 327 873 014 38.68 134 456 0.03 010 24 1455 255
4 2 4 2 1
X (Mean) 79.1 7.05 135 438 0.23 279 480 0.16 13.8 0.09 5.68 5.14 011 20 13.01 851
9 3 9 9 4
SD 5.19 149 437 0.94 0.48 0.95 0.04 2434 1285 0.04 3.734 1.591 0.09 06 358 5.86
8 3 7 2 6 7 1 2 7 3
CcVv 6.56 211 322 21.50  208. 26.2 303 420 825 4430 657 309 8743 320 275 6.8
7 1 7 7 6 2 4 7 4 5 1 2 9

Where x = mean; SD = Standard deviation; CV = Coefficient of variances; EC=Electrical Conductivity, OC = Organic Carbon, OM = Organic matter, TN = Total Nitrogen, Av. P = Available
phosphorus, K = Potassium, Mg = Magnesium, Na = Sodium, EA = Exchangeable acidity, ECEC = Effective cation exchange capacity, BS=Base saturation

the three rubber plantations were generally low

ranging from 0.02 dSm to 1.39 dSm? with a
mean of 4.38dSm?. Organic carbon (OC)
ranged betweenl1.09 to 4.50% with a mean of
2.79% in the soils across the three-rubber
plantation. The organic matter (OM) content was

found to be high in all the locations and
decreased with increasing depth, except at Ntak
Inyang, where it was low (1.88%) at a depth of
45-60cm. The high soil organic matter
concentration especially at the surface soils
could be attributed to biomass return to the

surface soils by the crop. The content of total

nitrogen (TN) was low and ranged from 0.08 to
0.19 with a mean of 0.16% as characteristics of
tropical soils. According to Hartz (2007), soils
with less than 0.07% total nitrogen has limited
mineralization potentials whereas those higher
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Table 2: Forms of (K) in soils of selected rubber plantations in Akwa Ibom State.

Sample locations Depth Water soluble k Exchangeable k Available k  Difficulty k  Acid soluble k cmolkg?  Total k
(cm) cmolkg? cmolkg? cmolkg? cmolkg™ cmolkg?
Ntakinyang 015 0.03 0.05 0.08 0.04 0.08 0.18
15-30 0.03 0.05 0.08 0.06 0.07 0.21
30-45 0.03 0.06 0.09 0.06 0.07 0.23
45-60 0.03 0.06 0.09 0.05 0.07 0.20
IkotObioEkpung 015 0.02 0.03 0.05 0.04 0.07 0.15
15-30 0.02 0.03 0.05 0.05 0.06 0.17
30-45 0.02 0.03 0.05 0.05 0.07 0.18
45-60 0.02 0.03 0.05 0.06 0.07 0.18
ObioAkpa 015 0.06 0.03 0.15 0.02 0.03 0.25
15-30 0.05 0.09 0.14 0.02 0.05 0.24
30-45 0.06 0.10 0.15 0.01 0.05 0.24
45-60 0.05 0.09 0.14 0.03 0.06 0.24
Range 0.04 0.07 0.1 0.05 0.05 0.1
X (Mean) 0.035 0.059 0.093 0.49 0.75 0.206
SD 0.0158 0.027 0.0412 0.47 0.68 0.0337
CVv 45.143 45.76 44.76 0.96 1,39 16.36

Where X = mean, SD = Standard deviation, CV = Coefficient of Variance

than 0.15% are expected to mineralize sufficient nitrogen.
The soil available phosphorus ranged from 3.34 mgkg to
34.68 mgkg? with a mean of 13.8mgkg™. The available
phosphorus of the soil was generally medium to high at
the surface soils and decreased with increase in depth.
Low available phosphorous (P) in tropical soils has been
attributed to the nature of the chemical forms of P and the
high content of oxides of iron and aluminum associated
with high P fixation. The exchangeable calcium (Ca)
content of the soil ranged from 1.92 to 9.12 cmolkg* with
a mean of 5.68 cmolkg? and Exchangeable magnesium
ranged from 2.64 to 7.68 cmolkg? with a mean of 5.14
cmolkg-t. The content of exchangeable calcium and
magnesium in the soil were generally high in all the
location except calcium in Obio Akpa where it decreases
with increase in depth. The exchangeable potassium
content was generally low in all the locations and ranged
from 0.05 to 0.15 cmolkg? with a mean of 0.09 cmolkg™*
Potassium deficiency in the soil could be due to high
exchange acidity leading to K fixation. Exchangeable
sodium content ranged from 0.01 cmolkg?® to 0.02
cmolkg? with a mean of 0.11 cmolkg?.and was generally
low in all the rubber plantations. Exchangeable acidity
ranged from 0.96 to 2.88 cmolkg? with a mean of 2.09
cmolkgl. However, high acidity in the soils can be
ameliorated by liming the soils and application of organic
manure. Effective cation exchange capacity (ECEC)
ranged from 6.35 to 15.27 cmolkg? with a mean of
13.01cmolkg?. However, the medium to high ECEC
suggest that the soils have the ability to withstand heavy
leaching loss of nutrients for tropical soils (Sanchez,
1976). Base saturation was high and ranged from
74.30% to 99.84% with a mean of 85.14%.

Forms of Potassium (K) in soils of selected rubber
plantations

The status of the different forms of potassium in each of

the selected rubber plantations is outlined in (Table 2).
The water-soluble K values of all the soils ranged from
0.02 to 0.06 cmolkg! with a mean of 0.04 cmolkg™.
These values are low and compare well with the report of
Iren and Amalu, (2012) for selected soils supporting oil
palm in Cross River State, Nigeria but less than the
ranged of 0.01 — 1.25cmolkg? reported by Akinyede
(1988) for selected soils of Nigeria. The exchangeable K
values of the soils ranged from 0.03 to 0.10 cmolkgta
mean of 0.06cmolkg?. The exchangeable K values are
low when compared with the range of 0.15 to 1.92
cmolkg? obtained by Akinyede (1988) for soils formed on
different parent materials in Nigeria but falls within the
range of 0.03 to 1.03 cmolkg! obtained by Amalu (1989)
for some soil supporting Coconuts. Soil exchangeable K
less than 0.13 are considered very poor in K and those
that contain 0.13 to 0.31 cmolkg?! are moderately
endowed with K while those that contain more than
0.31cmolkg™ are rated as high in exchangeable K content
(Amalu, 1989).

The available K ranged from 0.05 to 0.15 cmolkg? with
a mean of 0.09. The levels of available K in all the rubber
plantations were generally low. The low content of the
available K could be attributed to K fixation in these soils
and leaching of basic cations which are characteristics of
tropical soils. The difficultly exchangeable K values
ranged from 0.01 to 0.15 cmolkg? with a mean of 0.49
cmolkg?®. Soils that have less than 0.31 cmolkg? of
difficultly K are considered as K deficient soils, those with
0.31 to 0.49cmolkg™ are considered moderate and those
with more than 0.49cmolkg? are rated as adequate
(Amalu, 1989). The soils in this study generally exhibited
low levels of exchangeable potassium. This finding aligns
with the range of 0.03 to 0.64 cmol/kg reported by
Unamba-Oparah (1985) for sandy soils in southeastern
Nigeria. The acid soluble K ranged from 0.03 to 0.08
cmolkg! with a mean of 0.75 cmolkg?. Generally, soils
formed on acidic sandstones and Aeolian materials
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Table 3: Relationship between Soil Properties and Forms of K.

W.k Ex.K Av.K Dk AsK Tk Sand Silt Clay pH EC ocC oM Av.P Ca Mg EA ECEC BS
W.K 1
Ex.K 0.994** 1
Av.K 0.997 **  0.999** 1
DK 0.982**  0.982**  0.985** 1
ASK 0.997**  0.986** **0.991 0.996** 1
TK 0.994**  0.995** 0.996** 0.995** 0.985** 1
Sand 0.262 0.241 0.249 0.220 0.278 0.234 1
Silt 0.559 -0.559 -0.560 -0.552 0.611 0.558  -0.684* 1
Clay -0.100 -0.074 -0.083 -0.051 0.110 0.066 -0.970 0.453 1
pH 0.763* 0.739*  0.749* 0.700** 0.780** 0.733*  -0.067 -0.435  0.226 1
EC 0.426 0.366 0.388 0.269 0.485 0.346 0.269 -0.214 0,243 0.571 1
ocC -0.555 -0.514 -0.529 -0.545 0.574 0.562 -0.106 0.286 0.016  -0.538" 0.590 1
oM -0.171 -0.150 -0.158 -0.185 0.574 0.186 0.649*  -0.434 -0.657* -0.298 -0.229 0.54 1
Av.P -0.323 0.346 0.338 -0.342 0.270 0.340 -0.834** 0.618* 0.760* 0.134 0.029  0.099 0.547 1
Ca 0.435 0.355 0.384 0.448 0.461 0.417 0.119 -0.426  -0.003 0.520 0.292 -0.436 -0.175 0.060 1
Mg -0.201 -0.167 -0.180 -0.215 0.184 0.209 0.198 -0.107 0.229  -0.045 -0.241 0514 0.623* -0.050 -0.310 1
EA -0.686* -0.682* -0.684* -0.698 0.647*  0.682* -0.184 0.394 0.067 -0.523 -0.073  0.095 0.185 0.311 -0.419 0.055 1
ECEC 0.268 0.198 0.223 0.279 0.322 0.248 0.114 -0.393 0.027 0.455 0.178 -0.232 0.018 0.172 0.884* 0.100 -0.235 1
BS 0.343 0.323 0.33 0.330 0.324 0.325 0.413 -0.310 0.391 0.177 0.125 0.027 0403 -0.240 0.341 0.340 -0.320 0.551 1

Where Wk = Water Soluble K, Ex.K = Exchangeable K, Av. K = Available K, Dk = Difficulty K, As.K = Acid soluble K, Tk = Total K, EC=Electrical conductivity, OC = Organic carbon, OM =
Organic matter, Av. P = Available phosphorus, Mg = magnesium, EA = Exchangeable acidity, ECEC = Effective cation exchange capacity, BS=Base saturation

* correlation is significant at 0.05 level
** correlation is significant at 0.01 level

contain low amounts of weathered mica and
hence low fixed K reserved (acid soluble K) as
reported by FPDD, (1990). According to Amalu,
(1989), soils that have less than 0.51 cmolkg™
been considered as low, those having 0.51 to
1.02cmol/kg* are considered moderate and soils
having more than1.02cmolkg™ are rated as high
in K reserve. The total K values of the soils
ranged from 0.15 to 0.25cmolkg* with a mean of
0.206cmolkg-t. The total K values in all the
locations are less than the range values of 3.83
to 81.84 cmolkg™ obtained by Amalu (1989) for
soils of Southern Nigeria. Soils with less than
5.12cmol/kg? are considered very low in total K
levels, soils between 5.12 to 25.58cmolkg? as
rated as low, 25.58 to 40.92cmolkg?® are
moderate and soils that have more
than40.92cmolkg* are high in K (Amalu, 1989).

Correlation between some soil properties
and forms of K

Correlation between some soil properties and
forms of K are presented in (Table 3). Water
soluble K correlated positively and significantly
with exchangeable K (r = 0.994**), available K (r
= 0.997*), difficultly K (r = 0.982**), acid soluble
K (r = 0.997*), total K (r = 0.994*%), pH (r =
0.763**) and exchangeable acidity (0.686%).
Exchangeable K correlated positively with
available K (r = 0.999*), difficulty K (r =
0.982*), acid soluble K (r = 0.986**), total K (r =
0.995**) and pH (r = 0.739*). Available K
correlated positively with difficultly K (r =
0.985*), acid soluble K (r = 0.991**), total K (r =
0.996**) and pH (r = 0.749*%). Difficultly K
correlated with acid soluble K (r = 0.966**), total

K (r = 0.995*), pH (r = 0.700**). Acid soluble K
correlated positively with total K (r = 0.985**), pH
(r = 0. 780**), and exchangeable acidity (r =
0.647**). Total K correlated positively (r =
0.733**) and exchangeable acidity (r = 0.682**).
The results indicated that, an increased in one
form of K significantly lead to a corresponding
increase in other forms of K and some soil
properties. These findings are in agreement with
the study of Prabha et al., (2020).

Conclusion and Recommendation

In conclusion, the soils supporting rubber in
Obio-Akpa, Ntak-inyang and Ikot Obio Ekpung in
Akwa Ibom State are deficient in total K content
and may not meet the long term K- demanding
crops like rubber. The continued removal of soil
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K either by erosion, leaching, K-fixation and absence of
applied K would affect crop growth or yield. Therefore, to
increase the levels of K in these soils, the use of organic
and inorganic K fertilizers is recommended for the
continuous production of rubber in these soils. In
addition, maintenance of good crop cover would reduce
erosion and leaching losses of basic cations.

REFERENCES

Adeoye, G. O., and Agboola, A. A. (1985). Critical levels for soil pH,
available P, K, Zn and Mn and maize ear-leaf content of P, Cu and
Mn in sedimentary soils in South-Western, Nigeria. Fertilizer
research.Vol.6. No. 1.65-71.

Ahmad, M., Bukhsh, HA., Ahmad, R., Igbal, J., Magbool, MMM., Ali, A.,
Ishaque, M., Hussain, S., Khan, DG (2012). Nutritional and
physiological significance of potassium application in maize hybrid
crop production.Pakistan Journal of Nutrition. 11 (2): 187 — 202.

Akinyede, F.A. I. (1988).Forms and dynamics of potassium in selected
Nigerian soils, PhD thesis, University of Ibadan.

Amalu, U.C. (1989). Studies of potassium in soils supporting coconuts
in southern Nigeria, 1n: Potassium status and relationships with
some soil properties. Nigerian Journal of Palms and Oil seeds.10: 23
- 31.

Arquero, O. (2006). Potassium starvation increases stomatal
conductance in olive trees. Horticultural.Science. 41 (2): 433 — 436.
Asawalam, D. O. K and Ugwa, I.K. (1993). Some soils of Northern
Bendel State and their potentials for growing rubber. Indian Journal of

Natural Rubber Research. 12 (1-2): 137-142.

Ashraf, M., Ahmad, A and McNeilly, T. (2001). Growth and
photosynthetic characteristics in pearl millet under water stress and
different potassium supply. Photosynthetica. 39 (3): 389 — 394.

Blagodatsk, S., Xu, J.,Cadisch, G. (2016). Carbon balance of rubber
(Heveabrasiliensis) plantations: A review of uncertainties at plot,
landscape and production level. Agric. Ecosyst. Environ. 221:8-19

Bremner, J. M. (1996). Total Nitrogen. In: D. L. Sparks (eds).Methods of
Soil Analysis, Part 3: ChemicalMethods, SSSA Book Series 5,
Madison, Wisconsin, USA. pp 1085-1122.

Cakmak, I. (2005). The role of potassium in alleviating detrimental
effects of abiotic stresses in plants.Journal of Plant Nutrition and Soil
Science. 168: 521 — 530.

Diniz,AR., Pereira, MG.,Balieiro, FC., Silva, EV., Santos, FM.,Lisboa,
FJG., Oliveira,AB,, Cruz, RB. (2015). Contrasts in areas of rubber
tree clones in regard to soil and biomass carbon stocks. Rev Bras Ci
Solo. 39:1378-1385

Enwezor, W.O., Ohiri, A.C and Udo, E. J. (1988).A review of fertilizer
use on crops in southern zone of Nigeria. Lagos: Fertilizer
Procurement and Distribution Division.

Fassbender, HW, Bornemisza, E. (1994).Quimica de
suelos:coménfasisensuelos de América Latina. Servicio Editorial
IICA. San José, Costa Rica.

FPDD (Fertilizer Procurement and Distribution Department).(1990).
Literature review on soil fertility investigation in Nigeria. Lagos:
Federal Ministry of Agriculture and Natural Resources.

Gee, G. W. and Or, D. (2002). Particle size distribution: In Dane J.H.,
Topp G. C (eds). Methods of soil analysis Part 4.Physical
methods.Soil Sci. Soc. Am Book series No 5 ASA and SSSA,
Madison, WI: 225-293.

Hartz, T., (2007).Soil Testing for Nutrient Availability.Procedures and
Interpretation for California Vegetable Crop Production.University of
California. Davis. Department of Plant Sciences.Vegetable Research
and information Center, 1-7.

ljah, C. J., Essien, G. G., Umoh, F.O and Edem, T. T. (2021).
Amelioration of Soil Acidity Using Local Liming Materials for the
Production of Chilli Pepper in Acid Ultisol of South-Eastern Nigeria.
Phosphorus Status of Coastal Plain Sands of Akwa lbom State,
Nigeria. AKSU Journal of Agriculture and Food Sciences.5(2) 10- 19.

Direct Res. J. Agric. Food Sci. 24

ljah, C. J., Umoh, F. O., Essien, G. G., and Edem, T. T. (2021).
Phosphorus Status of Coastal Plain Sands of Akwa Ibom State,
Nigeria. AKSU Journal of Agriculture and Food Sciences. 5(2) 36-48.

Iren, O. B and Amalu, U.C. (2012).Forms and Status of Potassium in
some soils supporting oil palm (Elaeisguineensis, Jacq) plantations in
Cross River State, Nigeria. Communication in Soil Science and Plant
Analysis, 43:14, 1949 - 1962.

Kuo, S. (1996).Phosphorous. In: Sparks, D. L. (eds). Methods of Soil
Analysis, Part 3: Chemical Methods, No. 5 in Soil Science Society of
America and ASA. Madison, WI. Pp 531-561.

Maclean, E. O. (1982). Soil pH and lime requirement In: Black, C.A
(Ed); Methods in Soil Analysis. Chemical and Microbiological
Properties part 11 — American Society of Agronomy, Madison,
Wisconsin, U.S.A.

Nelson, D.M and Sommers, L. E. (1996).Total carbon, organic carbon
and organic matter. In: D. L. Spark (eds.). methods of Soil Analysis
Part 3: Chemical Methods, SSSA Book Series No. 5. Madison,
Wisconsin, U.S.A. Pp 961-1010.

Nogueira, R.F., Cordeiro, S.A., Leite, AMP.,Binoti, MLM (2015). Natural
rubber market and economic viability of rubber.

Periaswamy, S. P., Aduayi, E. A and Ashaye, T.l. (1983).Soil fertility
status of southeastern Nigeria. Nigerian Journal of Soil Science4: 92
- 100.

Petters, S.W, Usoro, E. J, Udo, E.J, Obot, U. W and Okpon, S.N.
(1989).Akwa Ibom State Physical Background, Soils and Land use
Ecological Problems. Technical Report of the Task Force on Soils
and Land use. Government Printer, Uyo. 602.

Pettigrew, W.T. (2008). Potassium influences on yield and quality
production for maize, wheat, soybean and cotton.Physiol. Plant.
133:670-681.

Prabha, S., Prassad, S.S and Shivendu, K. C. (2020). Correlation Study
of soil properties on various forms of Potassium in Soils of North
Bihar. Journal of Pharmcognosy and Phytochemistry. 9 (1): 2147-
2152,

Pratt, P.F. (1965). Potassium. In: Methods of Soil Analysis. (ed.) C. A.
Black, 1022-1030. Madison, Wisconsin, American Society of
Agronomy.

Sanchez, P. A., (1976). Properties and Management of Soils in the
Humid Tropics. John Wiley and Sons, USA.

Shaikh, K. Memon, KS.,Memon, M., Akhtar, MS. (2007). Changes in
mineral composition and bioavailable potassium under long-term
fertilizer use in cotton-wheat system. SoilEnviron. 26: 1-9.

Sparks, DL.(2000). Bioavailability of soil potassium. In: Sumner ME
(ed). Handbook of soil science, CRC Press, Boca Raton, FL.

Tidale, S. and Nelson, W. (1975). Soil fertility and fertilizers, 3rd ed.
New York: Macmillan.tree crop in Brazil. Nativa, 3(2):143-149.

Udo. E. J, Ibia, T. O, Oguawale, A. J., Ano, A. O and Esu, |. E. (2009)
Manual of soil science and plant and water analysis. Lagos: Sibon
Books limited.

Unamba-Oparah, |. (1985). The potassium status of the sandy soils of
Northern Imo state. Nigeria. Soil Science. 139 (5): 437 — 445.

Yagodin, B. A (1984).Agricultural chemistry 1. Moscow: Mir.

Official Publication of Direct Research Journal of Agriculture and Food Science: Vol. 12; 2024; ISSN: 2354-4147



